Sp1 and Sp3 transcription factors are required for trans-activation of the human SERCA2 promoter in cardiomyocytes.
The sarcoplasmic reticulum (SR) Ca(2+) ATPase (SERCA) is essential to the removal of cytosolic calcium following cardiac contraction, and its abundance and activity are significantly altered during perinatal development and in failing myocardium. The objective of the current study was to identify cis regulatory elements and nuclear transcription factors responsible for transactivating SERCA2 gene expression in cardiomyocytes. Primary cultures of neonatal rat ventricular myocytes were transiently transfected with luciferase (LUX) reporter gene constructs containing deletions of the SERCA2 promoter or which harbored mutations in consensus Sp1 transcription factor binding sites. Cotransfection assays, electrophoretic mobility shift, and supershift assays were also performed to delineate the regulatory role of specific transcription factors. We identified a putative AP-1-like element and a consensus Egr-1 binding site, but neither Egr-1 nor 12-O-tetradecanoylphorbol 13-acetate (TPA) significantly modified human SERCA2 promoter activity in vitro. Maximal activity of the SERCA2 promoter required the proximal 177 bp, and strong activation was observed with a 125-bp construct, within which an Sp1 site and a CAAT box were important. Mutation analysis also revealed the importance of two Sp1 sites between -125 and -200. Sp1 and Sp3 transcription factors were subsequently identified to bind to oligonucleotide probes corresponding to only the two most proximal Sp1 sites. These studies provide direct evidence that regulation of human SERCA2 gene expression in cardiomyocytes depends on transactivation events elicited by Sp1 and Sp3 transcription factors.